Two experiments were conducted to study effects of dietary nitrate on enteric methane production, blood methemoglobin concentration, and growth rate in cattle. In Exp. 1, 36 Holstein steers (288 ± 25 kg BW) were fed increasing levels of dietary nitrate (6 levels; 0 to 3.0% of feed DM) in corn silage-based total mixed rations. Nitrate was introduced gradually in a 25-d adaptation period before methane production was determined in environmentally controlled rooms. In the rooms, feed intake was restricted and similar among all treatments. Methane production (g/d) decreased linearly as dietary nitrate concentration increased (P < 0.01). The apparent efficiency (measured methane reduction divided by potential methane reduction) with which enteric methane was mitigated was 49%. Blood methemoglobin levels increased with increasing nitrate dose. In Exp. 2, 300 Nelore bulls (392 ± 28 kg) were fed increasing levels of nitrate (6 levels; 0 to 2.4% of feed DM) in highconcentrate total mixed rations offered ad libitum. Feed intake decreased linearly with increasing level of dietary nitrate (P < 0.01). However, ADG was not affected by nitrate dose (P = 0.54), resulting in a linear improvement in G:F (P = 0.03) as dietary nitrate level increased. Carcass dressing percentage showed a quadratic response to incremental dietary nitrate, reaching the highest value at 0.96% of NO 3 /kg DM (P = 0.04).
INTRODUCTION
In the rumen, methanogenesis is a normal process that removes metabolic hydrogen, allowing reduced cofactors to be reoxidized and permitting continued microbial activity (Wolin and Miller, 1988) . However, methane is a potent greenhouse gas (GHG) and enteric methane production by ruminants represents 28% of total anthropogenic methane emissions (Klieve and Ouwerkerk, 2007) . Lowering methane emissions from ruminants would contribute to efforts to control atmospheric concentrations of GHG.
The reduction of nitrate to ammonia, with nitrite as an intermediate, is energetically more favorable than reduction of carbon dioxide to methane and can outcompete methanogenesis for reducing equivalents (Ungerfeld and Kohn, 2006) . Stoichiometrically, reduction of nitrate to ammonia should lower methane production by 25.8 g/100 g NO 3 (Van Zijderveld et al., 2010) . However, if reduction of nitrate to ammonia is incomplete, nitrite might accumulate in the rumen, be absorbed into blood, and react with hemoglobin to form methemoglobin, the accumulation of which could compromise oxygen transport and animal health (Bruning-Fann and Kaneene, 1993) .
Methane represents a loss of DE. If dietary nitrate reduces this loss without impairing intake or digestibility, ME supply will be increased. However, few publications have focused on effects of dietary nitrate on DMI, milk yield, or growth (Wallace et al., 1964; Lichtenwalner et al., 1973) .
Our objectives were to examine the effect of dietary nitrate concentration on efficiency of methane mitigation (using Holstein steers) and on the growth performance of beef cattle (using Nelore bulls). We hypothesized that methane production would decrease as nitrate dose increased and that growth performance would be increased due to reduced energy losses from methane.
MATERIAL AND METHODS
Experiments were conducted at Michigan State University (MSU), East Lansing, MI (Exp. 1), and at Agência Paulista de Tecnologia em Agronegócios, Colina, São Paulo, Brazil (Exp. 2). Experiments 1 and 2 were approved by the Animal Care and Use Committees of MSU and University of Jaboticabal, respectively.
Experimental Design, Animals, and Housing
In Exp. 1, 36 Holstein steers with a mean initial BW of 288 ± 25 kg (mean ± SD) were used in a completely randomized block design. Steers were blocked according to BW (6 blocks of 6 animals) at d 0 and subsequently randomly allocated within block to 1 of 6 treatments. Treatment diets contained incremental levels of a nitrate source (Table 1) . Steers were group housed in separate pens for each treatment (6 pens of 6 animals; 1 treatment/ pen) for a period of 25 d to adapt to the experimental diets. After this adaptation period, 12 steers (2 from each treatment) were randomly allocated to individual, environmentally controlled rooms to determine methane output. Methane output from these animals was determined over a period of 8 d and rooms were cleaned for 2 d thereafter. After this, the next group of 12 animals was introduced into the chambers (again 2 per treatment). The same 3 Premix Exp. 1: Mg, 90 g/kg DM; S, 40 g/kg DM; Co, 0.2 g/kg DM; Cu, 10 g/kg DM; I, 0.9 g/kg DM; Fe, 20 g/kg DM; Mn, 40 g/kg DM; Se, 0.3 g/kg DM; Zn, 40 g/kg DM; vitamin A, 4,400,000 IU/kg DM; vitamin D 3 , 550,000 IU/kg DM; and vitamin E, 5,500 IU/kg DM. 4 Premix Exp. 2: 70% vitamin premix (vitamin A, 4,800,000 IU/kg DM; vitamin D 3 , 600,000 IU/kg DM; and vitamin E, 20,000 IU/kg DM) and 30% micromineral premix (Mn, 120 g/kg DM; Zn, 200 g/kg DM; Fe, 70 g/kg DM; Cu, 60 g/kg DM; Co, 3.6 g/kg DM; I, 3.6 g/kg DM; and Se, 1 g/kg DM).
5 Tixosil 38A, anticaking agent (Rhodia Brasil Ltda, Paulinia, Brazil).
procedure was followed 10 d later for the last group of animals. To limit methane emissions to predominantly enteric sources, manure was collected in a fecal pan behind each animal and removed daily at approximately 0600 h. In Exp. 2, 300 Nelore bulls (BW 392 ± 28 kg at the start of the experiment) were used in a completely randomized block design. Before the start of the experiment, animals were fasted for 16 h, weighed, and blocked according to BW (5 blocks of 60 animals). For each block, 2 animals were assigned to 1 of 30 pens (10 animals per pen), ensuring a similar BW per pen. Then, 6 treatments (incremental levels of a nitrate source) were randomly allocated to pens, resulting in 5 pens per treatment.
Treatments, Diets, and Feeding
Steers in Exp. 1 had ad libitum access to a total mixed ration (TMR) during the adaptation period. The TMR consisted of 41.4% corn silage, 23.4% chopped grass hay (chopping length 5 cm), and 35.2% concentrate mix on a DM basis (Table 1) . Diets in both experiments were formulated to meet or exceed energy and protein requirements according to the NRC (1996) . The feedstuffs were mixed using a mixer wagon (Data Ranger; American Calan, Northwood, NH) and animals were fed once daily in the morning (at approximately 0900 h). Amounts of feed supplied were weighed daily and orts were collected and weighed the next day just before feeding to determine feed intake. During the adaptation period, all steers received the control treatment for the first 4 d. After these 4 d, all steers but the ones fed the control treatment were fed the lowest nitrate-containing treatment for 4 d. This procedure was repeated until the highest nitrate treatment was introduced to the last 6 steers on d 21. Steers on this treatment had been on the final experimental diets for 4 d before they were introduced into the environmentally controlled rooms. During the period in the environmentally controlled rooms, the amount of feed offered was limited to 80% of the average consumed by animals in each treatment group during the last week in the pens. Animals were weighed at the start and end of the period in the environmentally controlled rooms and weekly during the adaptation period. The control diet contained urea as a main source of rumen-available N. In the treatment diets (Table 1) , urea was incrementally substituted by an isonitrogenous amount of a nitrate source (Calcinit; Yara, Oslo, Norway). This product (CAS Registry Number 15245-12-2) contains 57% NO 3 as calcium nitrate and 6% NO 3 as ammonium nitrate and is not classified as an explosive or oxidizing solid. Transport and use of other nitrate sources is restricted by law in many countries. To maintain equal calcium concentrations between diets (Table 2) , limestone was decremented as inclusion of the nitrate source increased.
Bulls in Exp. 2 were offered a TMR twice daily (at 0800 and 1500 h), consisting of 15.7% sugarcane bagasse (5-8 cm in length) and 84.3% concentrate on DM basis (Table 1 ). The nitrate increments during the adaptation period (d 1 to 21) were established in a similar way as in Exp.1, but the level of nitrate was increased every 2 d, until the highest nitrate treatment group reached the final nitrate level of 2.4% of DM at Day 14. For the first 5 d of the adaptation period, animals were limit fed (1.8% of BW) and received 2 kg of hay/d to facilitate transfer to the feedlot. Feed was supplied ad libitum during the main experiment and during all of the experimental observations. At d 21, 66, and 111, the animals were weighed after withholding water and feed for 16 h. From d 21 to 111, the amount of feed offered to each pen was adjusted to 110% of the average consumed over the 2 previous days to ensure ad libitum intake. Water was added to the TMR to obtain a DM content of 68% to stimulate feed intake. Weights of feed distributed and orts were recorded daily.
Feed Sampling and Analysis
In Exp. 1, samples of all feed ingredients were collected daily and frozen (-20°C) pending further analysis. Concentrate samples were taken from every new bag (22.7 kg) of feed opened. After completion of the experiment, all ingredients collected during the main periods of the experiment were pooled by type of feed and treatment, dried, and ground to pass a 1-mm screen. Samples were analyzed by Cumberland Valley Analytical Services, Inc. (Hagerstown, MD). Dry matter content of forages was determined following the methods of Goering and Van Soest (1970) followed by an additional drying step of 3 h at 105°C. Dry matter content of concentrates was determined by drying at 105°C (AOAC, 2000) . Crude protein content was determined according to the AOAC (2000). The methods of Van Soest et al. (1991) were used to determine NDF contents. Amylase and sulfite were used during the analysis of NDF. Acid detergent fiber was determined according to the AOAC (2000), but the fritted glass crucible was replaced by a Whatman 934-AH microfiber filter (GE Healthcare Bio-Sciences Corp., Piscataway, NJ). Lignin was determined according to Goering and Van Soest (1970) . Sugar was determined colorimetrically (Dubois et al., 1956) . Starch was determined according to the methods described in Hall (2009) . Crude fat analysis was performed according to the AOAC (2006). Ash content was determined according to the AOAC (2000). Sulfur was determined with a Sulfur Combustion Analyzer (Leco S-144DR; Leco Corporation, St. Joseph, MI). Nitrate was determined according to the AOAC (1990).
In Exp. 2, TMR samples and orts were taken weekly and dried at 55°C for 72 h for subsequent chemical analyses. At the end of the experiment, the TMR samples were pooled and analyzed. Dry matter content of feed samples and orts was determined weekly by drying at 105°C. Dry matter content of bagasse was determined 3 times a week by drying a sample at 105°C. Neutral detergent fiber, ADF, and lignin were determined according to procedures by Van Soest et al. (1991) ; samples were pretreated with amylase. Crude fat and ash contents were analyzed according to AOAC methods (AOAC, 2000) . Crude protein, total sugar, starch, and nitrate were analyzed as previously described by Van Zijderveld et al. (2010) .
Blood Sampling and Analysis
In Exp. 1, blood was sampled from the jugular vein of each animal on the day after each incremental increase of nitrate in the ration (Day 2, 6, 10, 14, 18, and 22) and on d 29, 39, and 49 when animals were in the environmentally controlled rooms. Blood was collected 3 h after feeding in heparinized evacuated blood collection tubes and placed on ice directly after sampling. Blood was analyzed within 1 h of collection for methemoglobin (MetHb) using a blood gas analyzer (ABL 800 Flex series; Radiometer, Copenhagen, Denmark). If the concentration of MetHb exceeded 20% of total hemoglobin (Hb), the animal was withdrawn from the experiment as a precautionary measure. Subclinical signs of methemoglobinemia usually only occur at MetHb values of 30 to 40% and higher (Bruning-Fann and Kaneene, 1993) .
Methane Measurements
In Exp. 1, methane emissions were measured in 12 environmentally controlled rooms of 2.1 by 4.0 by 8.5 m (height × width × length). Each room accommodated 1 steer. Air delivered to each room was measured with a room-specific differential pressure transducer (Setra Model 239; Setra Systems, Inc., Boxborough, MA) placed upstream and downstream of machined orifice plates. During construction of the facility each length of delivery air ductwork and the differential pressure transducer was calibrated at the University of Illinois Bioenvironmental and Structural Systems Laboratory (Urbana, IL). Transducer readings were checked annually against a mass flow meter by an independent company. Quarterly, gas of a known concentration was delivered to each room and concentration in the recovered gas was compared to concentration in the standard gas to confirm that room air was well mixed.
Monitoring of gaseous concentration in the rooms occurred in sequential fashion, beginning first with incoming air for 15 min and then through each of the 12 rooms' exhaust gas for 15 min. The air stream was diverted into an Innova 1412 photoacoustic analyzer (LumaSense Technologies, Inc., Santa Clara, CA) to measure methane. Methane concentration was recorded every 30 sec during the last 5.5 min of sampling in each chamber. The recorded values were adjusted to standard temperature and pressure and averaged. All averaged incoming air methane concentration was subtracted from the room methane concentration before the room average was calculated. Temperature of each room was programmed independently and temperature dictated the airflow rate in the room. Each room was individually heated and cooled, using 100% outside air and exhausting all of the air to the outside (no recycling).
Slaughter Measurements
After final BW was determined at the experimental facilities in Exp. 2, the animals were transported 35 km and slaughtered at a commercial abattoir. Hot carcass weight was determined after removal of hide, head, gastrointestinal tract, and internal organs, before the carcass was chilled. Dressing percentage was calculated by expressing the HCW as a percentage of the live weight of the animal on arrival at the slaughterhouse.
Statistical Analyses
In Exp. 1, methane production was averaged per animal for the last 7 d of each period in the environmentally controlled room and analyzed for linear and quadratic effects of nitrate dose using the MIXED procedure of SAS (SAS version 9.3; SAS Inst. Inc., Cary, NC). Treatment (dietary concentration of nitrate, as formulated) was included in the model as a fixed effect, while block and room were included as random effects. Measurement period had no significant effect.
In Exp. 2, data for ADG, BW, HCW, and dressing percentage were analyzed for linear and quadratic effects of nitrate dose using MIXED procedure in SAS. Dietary treatment (concentration of nitrate, as formulated), block, and pen were included in the model with treatment as a fixed effect and block and pen within block as random factors. Dry matter intake was analyzed with block, treatment, pen, and week in the model. Treatment and week were fixed factors of which week was treated as a repeated measurement. Block was a random effect and pen the experimental unit. The covariance structure applied was first-order autoregressive coefficient. Feed conversion efficiency (G:F) was analyzed with block and treatment in the model, treatment as fixed effect, and block as a random effect.
The degrees of freedom for tests of significance were calculated using the method described by Kenward and Roger (1997) using the MIXED procedure of SAS. In cases where missing data resulted in SEM that were slightly different for affected treatments, the largest SEM for any treatment is reported. The distribution of model residuals was tested for normality using the Shapiro-Wilk W test. Goodness of fit (r 2 ) of linear regressions was computed using the likelihood ratio test of Magee (1990) . Where significant (P < 0.05), slopes of linear regressions were calculated from linear contrasts using the method of Bergerud (1993).
RESULTS

Methane Production
In Exp.1, nitrate intake increased linearly as planned in the experimental design, although recovery of added nitrate in analysis was incomplete. Removal of steers with elevated MetHb reduced the number of experimental units available for evaluation of the methane response to nitrate. When fitting linear and quadratic responses, Cook's D statistic (Cook, 1977) was used to test for the influence of each remaining animal on the response. Although there were only 2 steers remaining on the 2.4 and 3.0% nitrate diets, they did not exert an excessive influence (Cook's D < 0.05) and were retained in the regression. One steer fed the 1.2% nitrate diet had a recorded methane emission of only 25 g/d, was detected as an outlier (Cook's D > 0.05), and was removed from the analysis. Methane production, expressed in grams per day, grams per kilogram BW, or grams per kilogram DMI, decreased linearly with increasing dietary nitrate level (P < 0.01; Table 3 ).
Blood Methemoglobin Evolution
In Exp. 1, steers displayed elevated MetHb levels as dietary nitrate content increased (Fig. 1) . Nine animals exceeded the 20% threshold and were excluded from the experiment: 1 steer receiving the 1.7% nitrate diet and 4 on each of the 2.4 and 3.0% nitrate diets. The affected steers did not display any signs of discomfort or discoloration of mucosa but were removed from the experiment as a precautionary measure. For these animals, all data were removed before statistical analysis with the exception of blood MetHb.
Body Weight and Growth Performance
Body weight of steers in Exp.1 increased linearly with nitrate dose (P = 0.05; Table 3 ). This was caused mainly by the exclusion of 4 animals on the 2 highest nitrate treatments. These animals, coming from blocks 3 to 6, were lighter than the animals retained on the 2 highest nitrate treatments (coming from blocks 1 and 2).
In Exp. 2, 4 animals were excluded from the statistical analysis because of illness unrelated to the experimental treatments. Final BW and HCW were not affected by the addition of dietary nitrate to the TMR (Table 4 ). Dry matter intake was linearly reduced (P < 0.01) with increasing level of nitrate. Dietary nitrate did not affect ADG, but the G:F was increased (P = 0.03) by incremental levels of nitrate. Nitrate dosage affected carcass dressing percentage in a quadratic manner (P = 0.04).
DISCUSSION
Effects of Nitrate on Methane Production
Methane mitigation by inclusion of nitrate in beef cattle diets has been reported previously (Hulshof et al., 2012) . Stoichiometrically, 100 g of dietary nitrate reduced to ammonia in the rumen should lower methane emissions by 25.8 g (Van Zijderveld et al., 2010) . Methane mitigation in Exp 1. was 9.6 g/d per 1% dietary NO 3 or, at DMI = 7.6 kg/d, 9.6 g/d per 76 g/d dietary nitrate, or 12.6 g/d per 100 g dietary nitrate, representing an efficiency of 49%, lower than in previous studies (Van Zijderveld et al., 2010 , 2011 Hulshof et al., 2012) . The most likely cause of inefficient methane mitigation is incomplete reduction of nitrate to nitrite or nitrite to ammonia. Van Zijderveld et al. (2010) demonstrated additive effects of nitrate and sulfate on methane production in sheep and it has been suggested that sulfide (the product of sulfate reduction) might favor nitrite reduction (Leng and Preston, 2010) . In contrast to earlier work (Van Zijderveld et al., 2010 , 2011 Hulshof et al., 2012) , diets in Exp. 1 contained no added sulfur. Possible interactions between nitrate and dietary S deserve further study.
Efficiency of methane mitigation will also be less than theoretical if electrons are diverted from propionogenesis, rather than methanogenesis, to nitrate and nitrite reduction (Van Zijderveld et al., 2011) . Farra and Satter (1971) demonstrated reduced propionate concentrations and increased acetate concentrations in ruminal fluid of nitrate fed cows. Alternatively, greater efficiencies than expected might be observed if nitrate or nitrite exerts antimicrobial effects on hydrogen-producing bacteria or methanogens, in addition to their stoichiometric effect on hydrogen capture (Kluber and Conrad, 1998) . Previous studies showed increased hydrogen concentrations in the respired gases of sheep when nitrate replaced urea in their diet (Van Zijderveld et al., 2011) . Such antimicrobial effects might also indirectly reduce total methane production, through reduced digestibility (with associated reductions in animal performance).
Effects of treatment on MetHb suggest that inefficiency of response of methane to nitrate was associated with incomplete reduction to ammonia and increasing absorption of nitrate and/or nitrite. Absorption of nitrate and/or nitrite is undesirable from an environmental perspective as it may increase urinary nitrogen excretion leading to increased production of nitrous oxide, a potent GHG, from manure.
Occurrence of Methemoglobinemia
In Exp. 1, 9 animals were removed from the experiment because they experienced elevated MetHb levels (>20% of Hb) during the adaptation phase. This was unexpected as previous studies have included relatively 1 TMR = total mixed ration.
2 Quoted SEM is the highest of the individual treatment SEM.
3 Regression of dependent variable on formulated nitrate concentration in TMR (% DM).
4 95% confidence intervals of slope of linear regression = -13.8 to -5.28 (methane, g/d), -0.02 to -0.05 (methane, g/kg BW), and -1.96 to -0.63 (methane, g/kg DMI). 5 Average BW during the period the steers were in the environmentally controlled rooms. high levels of dietary nitrate without the occurrence of high (>20% of Hb) MetHb (Van Zijderveld et al., 2010 , 2011 . The animals were still below the MetHb level of 30 to 40% of Hb that is generally considered to lead to reductions in animal performance (Bruning-Fann and Kaneene, 1993) . Steers on the higher nitrate treatments did not display symptoms of methemoglobinemia, other than the elevated blood MetHb.
Methemoglobinemia results from the presence of nitrite in blood that converts ferrous iron into ferric iron (Ozmen et al., 2005) . When high amounts of nitrate are fed to ruminants, the capacity of the rumen flora to reduce nitrite may be overwhelmed, resulting in a pool of nitrite in the rumen and absorption of nitrite from the rumen into blood. Propionibacteria have been proposed as direct-fed microbials to reduce the risk of nitrite toxicity (Swartzlander, 1994) . However, denitrification of nitrate by propionibacteria does not constitute an alternative hydrogen sink and will not compete with methanogenesis.
In our experiments, we have used adaptation periods to dietary nitrate in an attempt to increase the rumen capacity to reduce nitrate and nitrite. Adaptation to dietary nitrate has been demonstrated to increase the ability of the rumen microbiota to reduce both nitrate and nitrite (Allison and Reddy, 1984; Alaboudi and Jones, 1985) . In Exp. 1, adaptation may have increased nitrate reduction, but not that of nitrite. Recently, Lin et al. (2013) reported that nitrite accumulation in vitro was the same for rumen fluid from animals previously adapted, or not adapted, to dietary nitrate.
Blood MetHb concentrations increased exponentially in response to increasing dietary nitrate in the adaptation phase (Fig. 1) . Extrapolation from these data suggests that dietary nitrate above 1 to 1.2 g NO 3 /kg BW would have been lethal to nitrate-adapted ruminants under the conditions of this experiment. These data agree well with those observed earlier by Crawford et al. (1966) and Geurink et al. (1979) . The quantity of nitrate observed to be detrimental to animal health is much higher when animals are fed nitrate rather than dosed by a drenching method (Crawford et al., 1966) . However, subclinical levels of MetHb of 30 to 40% may already adversely affect animal performance (Bruning-Fann and Kaneene, 1993) . When nitrate dose increased, the individual animal response in the formation of MetHb became more variable. The increment in nitrate concentration needed to move from no apparent detrimental effects to potentially negative or even lethal levels may be quite small (Fig. 1) .
During the adaptation phase, steers on the higher inclusion levels of nitrate had relatively less time to adapt to their respective treatments due to the feeding strategy chosen. Steers on the treatment formulated to contain 3.0% NO 3 in DM had only 4 d to adapt to the highest level of nitrate. However, they had already been on the second highest level (2.4% NO 3 in DM) for the previous 4 d. Adaptation may therefore already have been established to a significant extent.
Effects of Nitrate on Animal Performance
In Exp. 2, feed intake was reduced with increasing levels of dietary nitrate. This effect has been reported previously (Weichenthal et al., 1963; Hoar et al., 1968; Lichtenwalner et al., 1973) , although the decrease was not always statistically significant (Goodrich et al., 1964; Davison et al., 1965; Hulshof et al., 2012) . Overall, the degree to which feed intake is decreased may depend on the type of diet: DMI of diets containing a greater proportion of NDF appears to be more negatively affected than DMI of high concentrate diets (Lichtenwalner et al., 1973) . This may be explained by a suppressive effect of nitrite on NDF digestion in the rumen (Marais et al., 1988) . The reduction in DMI may also be explained by reduced palatability of the feed containing nitrate (BruningFann and Kaneene, 1993) . In Exp. 2, ADG was not affected by nitrate dose; thus, the reduced feed intake resulted in linearly increasing G:F when urea was incrementally substituted by nitrate. Sainz (1995) , in a review, estimated that a 1% reduction in DMI was associated with a 0.6% improvement in feed efficiency. Although less than the response observed in this study (1.2% improvement in G:F per 1% reduction in DMI), further research is needed to separate possible direct effects of nitrate from indirect effects mediated through DMI. In previous studies, nitrate caused a decrease in G:F in some cases (Weichenthal et al., 1963; Sokolowski et al., 1969; Lichtenwalner et al., 1973) but not in others (Wallace et al., 1964) . Interestingly, Lichtenwalner et al. (1973) reported that, when nitrate replaced urea in restricted-fed diets, animal performance was improved on the nitrate diets. When fed ad libitum, feed efficiency was decreased on the nitrate-supplemented diets. Apparently, the negative effect of nitrate on efficiency of feed utilization, when present, is caused mainly by a depression in feed intake. Results from in vitro research have demonstrated that nitrate supports more microbial protein synthesis when it replaces urea in ruminant diets (Guo et al., 2009 ). This could provide an explanation for the improved rate of gain observed when feed intake is not affected by dietary nitrate. This could be tested in vivo with experimental diets formulated to be limiting in protein and inclusion of a high protein diet as a positive control, conditions not met in the experiments reported here.
Conclusions
In Exp. 1, dietary nitrate lowered enteric methane production by up to 28%, less than expected from the stoichiometry of nitrate reduction to ammonia. Together with the observation of increased blood MetHb concentration as dietary nitrate levels increased, this suggests that reduction of nitrite in the rumen was incomplete. In Exp. 2, similar levels of dietary nitrate as in Exp. 1 reduced DMI and increased G:F, with no observed effect on animal health.
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